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ABSTRACT
The X-ray background from 0.1 to 10 keV has been studied using high spectral and
spatial resolution data observed with the ASCA SIS and ROSAT PSPC. Analysing
both the diuse background radiation as well as resolved point sources, we have carried
out a series of joint spectral tting of the ASCA and the ROSAT data. As found
previously with ASCA data alone, the spectrum of the X-ray background can be t
well by a single power-law from 1 to 7 keV; to account for the Galactic emission below
1 keV, a power-law plus two thermal component model ts well to the measurements
of ASCA and ROSAT from 0.1 to 7 keV. Overall, the photon index of the power-law
model ranges from 1.4 to 1.5 and no obvious excess is found between 1 and 3 keV
as predicted by some previous observations. Below 1 keV, the models become more
complicated and involve a mixture of extragalactic and Galactic sources. As some of
the extragalactic contributions should be from point sources, we have examined the
ASCA and ROSAT spectra of resolved sources individually: a stellar source having
a well-t thermal spectrum and two AGNs having a much steeper power-law spectra
(with photon index of about 3); the accumulated spectrum of other non-stellar sources
resolved by ROSAT also has a steeper-than-average spectrum. This provides evidence
that none of the resolved sources has a spectrum hard enough to match the X-ray
background in a broad band. Fitting the X-ray background spectrum observed by
ASCA and the accumulated point source spectrum by ROSAT together by varying
the contribution from resolved point sources to the background, we nd that the
contribution is less than 30 per cent in the 0.5{2 keV band and drops to several







(in the 0.5{2 keV band).
Key words: diuse radiation { cosmology: observations { large-scale structure of
Universe { X-rays: general
1. INTRODUCTION
The X-ray background (XRB) is the integrated emission of
unresolved X-ray sources along the line of sight. The origin
of the XRB is not yet clear and is mainly constrained by
the observable spatial and spectral properties of the XRB
(see Fabian and Barcons 1992 for a review). The homo-
geneity and isotropy of the XRB resulting from the surface
number density and clustering of XRB point sources can
be measured by imaging X-ray telescopes; spectral analy-
sis of the XRB and resolved sources can provide additional
information to identify the XRB origin; in other words, the
integrated spectra of the assumed sources over redshift must
reproduce the XRB, in terms of both spectral intensity and
shape.
The `spectral paradox' (Boldt 1987) is the common
problem that most known X-ray sources have spectra which
are too soft to account for the observed XRB and when
their contribution to the XRB is removed the disparity in-
creases. The XRB spectrum in the 3{50 keV band measured
by HEAO-1 A2 (Marshall et al 1980) resembles a 40-keV
bremsstrahlung spectrum and is equivalent to a power-law
with photon spectral index   of 1.4 in the 3{10 keV band.
Among X-ray sources in this energy band, Seyfert 1 galaxies
have a   = 1:7 power-law spectrum in 2{20 keV (eg, Turner
and Pounds 1989; Nandra 1991), radio-loud and radio-quiet
quasars have a   = 2:0 and   = 1:66 power-law spectrum in
2{20 keV (eg Williams et al 1992) respectively, all of which
are steeper than the XRB spectrum. On the other hand,
AGN spectra below 3 keV are steeper than those found at
higher energies, the spectral slope of quasars is    2:3 2:5
according to the data obtained by ROSAT during the all sky
survey (Schartel et al 1994). AGN may make a large contri-
bution to the soft XRB because ROSAT observations have
shown that the energy index of the best-tting XRB power-
law model can vary from 0.5 to 1.1 (Shanks et al 1991;
Hasinger 1992; Wang & McCray 1993; Chen et al 1994);
moreover, up to 70 per cent of the ROSAT XRB has been
resolved and most sources are identied as AGN (Shanks et
al 1991; Hasinger et al 1993). Unless either the XRB or
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Figure. 1 The ASCA SIS0 full eld of view of the QSF3 eld. The SIS is composed of four CCD chips, for SIS0 in (a){(b), they are
chip3, 2, 1, 0 from top clockwise, and chip1, 0, 3, 2 for SIS1 in (c){(d); each chip has an 11 11 arcmin
2
eld of view. The pointing
center is at RA (J2000) 55

:44, Dec (J2000)  44

:12 as indicates by a cross. All the bad data have been screened except the particle
background and the stray light. Each image has been binned into  23  23 arcsec
2
pixels and smoothed with a Gaussian lter of
dispersion  50 arcsec. The grey-scale bar is in unit of counts in the corresponding energy band per unit pixel per exposure time.
(a) The QSF3 eld in 0.5{2 keV, three bright point sources can be seen in the upper left quarter of this image. (b) The QSF3 eld
in 2{8 keV, the strong soft sources become much fainter. (c){(d) Same as (a) and (b) but observed with the SIS1. Note in the soft





















:26) named as XSF3:46, 54, 57, 58, 66, respectively in Shanks et al (1991).
AGN have a complicated spectrum, there is a problem to
combine observations above and below 3 keV: the steeper
AGN spectra would not have sucient photons to t the
hard XRB on the one hand, on the other hand the extrap-
olation from the hard XRB to the soft band would leave an
soft excess. Therefore observations covering a broad band-
ASCA and ROSAT observations of the XRB 3
pass are important and necessary to explore the origin of
the XRB.
ASCA provides a chance to examine the XRB spectrum
from at least 0.4 keV to 10 keV; recent ASCA observations
(Gendreau et al 1995) nd no evidence of a soft excess be-
tween 1{3 keV, and show that the XRB spectral shape is
well represented by a single power-law with   = 1:4 from
1 to 7 keV consistently. In this paper we use ASCA and
ROSAT observations of the QSF3 eld to investigate fur-
ther the spectral properties of both the XRB and the re-
solved sources. The ASCA/ROSAT observations and data
reduction are described in next section, followed by the re-
sults of the ASCA/ROSAT spectral tting. Implications for
the origin of the XRB from our results are discussed in the
fourth section and the conclusions.
2. ASCA/ROSAT OBSERVATIONS AND DATA
REDUCTION
2.1 Observation
The QSF3 eld is located in the Southern Sky centered
















:99), and this is the pointing center
of the ASCA observation used in this work]. Since it has a
high Galactic latitude, the Galactic absorption is low and





rived from the radio observation by Heiles and Cleary, 1979).
The QSF3 eld was observed to search for UV excess
quasars and later ROSAT observations (Shanks et al 1991)
had resolved  30 per cent of the XRB into point sources






. However from the
spectral analysis of the XRB, we still cannot nd out the
equivalent sources to match the remaining XRB. And it is
very important to have data in a harder band for both the
resolved sources and the rest of the background.
ASCA was launched on 1993 Feb 20 (Tanaka et al 1994)
and carries 2 SIS (Solid-state Imaging Spectrometer) and 2
GIS (Gas Imaging Spectrometer) with 4 identical XRT (Ser-
lemitsos et al 1995). It observed the QSF3 eld four times
during the period of Performance Verication (PV) when
ight calibrations were carried out. The rst observation
was in June 1993 and the remaining three observations were
in September 1993. Because the clean data of the last three
SIS observations have exposure times less than 10 ks and one
data set may have been damaged by telemetry saturation,
we concentrate only on the rst observation by the ASCA
SIS which has the best quality for our work.
Two pointing observations of the same eld by the
ROSAT PSPC carried out in 1990 and 1993 are also used, of
which the earlier and deeper observation with PSPC-C has
been used in Shanks et al (1991). The pointing centers of




















most sensitive area of the PSPC just covers the same sky
observed by the ASCA SIS. Other detailed information of
these observations is listed in Table 1. Grey-scale images of
the QSF3 eld obtained from the ASCA SIS and the ROSAT
PSPC-B are shown in Fig. 1 and Fig. 2, respectively.
Table 1. ASCA/ROSAT observations of the QSF3 eld




















* Exposure time is in seconds and calculated after screening described
in Sec. 2.
Figure. 2 The ROSAT PSPC-B central eld of view of the QSF3
eld with pixel size  1515 arcsec
2
. Only the central 15 arcmin
region is used for our analysis (indicated by the dashed line). The
same image processing as described in Fig. 1 has been applied as
well as the same denition of the unit of the grey-scale bar is
used.
2.2 Data modeling and screening
The raw ASCA data were processed by the standard
software FTOOLS to convert the telemetry data to \modally
split science les" (see Day et al 1994) and we use SIS-
CLEAN to remove hot and icker pixels of SIS CCD chips.
During the QSF3 eld observation, the bright-mode and
faint-mode are used for the data mode, and 4CCD mode for
the observation mode which means that 4 CCD chips are all
used to have the maximum eld of view for SIS observations.
Observed events are initially split into dierent modes ac-
cording to telemetry rate and it is possible to merged the
modal split data after converting the faint mode data to the
bright mode. Furthermore SIS X-ray events are classied
into eight grades (0{7) based on the charge distribution in
a three-by-three CCD pixel block. To have the best quality
of data, at the time of writing, only events with grades 0,
2, 3, and 4 are useful for analysing the bright mode data
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Figure. 3 Spectra of three sources resolved by the SIS. (a) Source S1: a star (b) Source Q1: a z=0.6 quasar (c) Source Q2: a z=0.3
quasar. In each gure, the count spectrum and folded model are shown in the upper panel and the 
2
contributions to each bin in
the bottom panel. The open diamond, lled circles and dots represent the folded spectrum measured by the ASCA SIS0, ASCA SIS1
and ROSAT PSPC, respectively. The thick-solid line, solid line and dotted line are the best-tting power-law model, respectively. See
Table 2 for the best-tting results.
Figure. 4 Folded XRB model (MODEL A) and spectrum mea-
sured by the SIS (0.4{7 keV) and the PSPC (0.1{2 keV). Data
divided by the best-tting model are shown in the bottom panel.
Note the amplitudes of the ROSAT spectrum and model have
been reduced by a factor of 20.
(eg up to 98 per cent of the particle background are associ-
ated with grade 7 events). Finally, events are accumulated
into PI (Pulse Invariant) data, which allows us to merge the
counts from all 4 CCD chips into one spectrum.
The detected X-ray events are generally composed of
vignetted counts, which are the read-out events of incoming
photons originating from cosmic objects, and non-vignetted
counts, which are induced by the instrument and have not
been reected by the telescope mirrors. The main non-
vignetted component is the particle background which is de-
pendent on the magnetic cut-o rigidity (Gendreau, 1995).
This can be calibrated by using the data obtained when
ASCA viewing the night earth. Stray-light contamination
is another problem for the ASCA XRT, this is because the
point spread function (PSF) of the XRT is very broad. To
overcome this problem, we have used ray-tracing simulations
to calibrate this energy-dependent broad PSF that will in-
clude counts from outside the nominal response range (the
stray light) and a special telescope response was made ap-
propriate for the analysis of the XRB with the SIS data at
the MIT Center for Space Research (Gendreau, 1995).
The vignetted counts contain astronomical information
of interest (Galactic or extragalactic diuse and discrete
sources) as well as other foreground contaminations such as
scattered solar X-rays. Most of these contaminations can be
removed by ltering out their corresponding periods accord-
ing to a set of housekeeping parameters recorded during ob-
servations as a time series function (see Day et al 1994). As
a nal check, we search for any extraordinary spike (about
more than 3  above the mean value) appearing in the light
curve of the diuse background spectrum (resolved-source-
free, see below) and reject data observed during these inter-
vals. Apart from using time lters, ray-tracing simulations
and night-earth data to remove most of the contaminations.
We have searched for sources in the SIS images in the 1{
7 keV band, as it is important to exclude resolved sources
from the rest diuse X-ray data when studying the nature
of the extragalactic XRB.
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Table 2. Best-ts of the resolved sources
Source Position Flux Best-t 
2






:89 28.0 62.0 8.8 T = 0:86 keV 1.57
0.05 solar abundance




:05 5.8 6.8 2.2   = 2:9[2:81;3:01] 0.82




:07 8.6 22.0 6.0   = 3:0[2:96;3:11] 1.33
RS QA   = 2:76[2:70;2:83] 1.1
RS QB   = 2:54[2:44;2:64] 0.98






. Best-tting results are obtained from
ASCA/ROSAT joint tting. a in the PSPC 0.5{2 keV band, b in the SIS 0.5{2 keV
band, c in the SIS 2{10 keV band.
RS QA and RS QB are the accumulated ROSAT non-stellar spectra as dened at the end
of Sec. 3.1.
Figure. 5 Unfolded XRB spectrum above 0.5 keV measured by
the SIS and the PSPC. The dotted and solid lines represent the
best-tting model components (MODEL B) of the ASCA and
ROSAT data respectively. The model consists three components
to take contributions from Galactic emission (the lines with line
features), AGN-like sources (the steep lines with photon index
 
src
xed at 2.5) and the yet unknown XRB sources (the at
lines) into account.
Though the source detection ability of ASCA is limited
by its intermediate spatial resolution, ROSAT observations
and follow-up optical identications can provide useful infor-







this region. Overlapping the sources catalog of the ROSAT
observation, 3 sources including 2 quasars and 1 Galactic
star are signicantly detected (see Sec. 3.1 and Figs. 1{2),
though the signal-to-noise ratio is marginally acceptable (be-
tween 2{4). The peak-to-peak positional discrepancy of SIS
and PSPC is about 54 arcsec which is within the expected
spatial error of ASCA.
ROSAT data are processed rst by housekeeping pa-
rameter screening which is similar to that of the ASCA data,
Figure. 6 Condence contours of the XRB photon index and
normalisation for the spectral tting in Fig. 5. The cross is the
best t and the small contours are calculated by holding the steep
power-law component xed at  
src
= 2:5 and A
src
= 3:16.
followed by calibrating the particle background and excising
sources (Snowden et al 1994; Plucinsky et al 1993). Using
FTOOLS, we are able to merge the two ROSAT observations
as well as their calibration les. In the following analysis,
the ROSAT data will be referred to as the merged data, and
the two SIS data are always t to a model simultaneously
unless otherwise stated. All the ROSAT/ASCA spectrum
have been rebinned to at least 20 counts per channel so that

2
statistics can be applied.
3. SPECTRAL FITTING AND RESULTS
The XRB spectrum consists of extragalactic and Galactic
diuse emission as well as possible unresolved point sources.
Results from previous observations have modelled the Galac-
tic XRB well as two Raymond-Smith hot plasma compo-
nents (eg Hasinger 1992; Wang & McCray 1993; Chen et al
1994), where the soft one below 0.5 keV is from the local
bubble and the hard one (roughly within 0.5 { 1. keV) is
6 L.-W. Chen, A. C. Fabian and K. C. Gendreau

















P (1{7 keV)       1:44[1:37;1:52] 10:1[9:5;10:7]   1.15
P (1{3 keV)       1:33[1:20;1:46] 9:7[9:0;10:4]   1.01
P (3{7 keV)       1:36[0:95;1:80] 8:5[4:7;15:3]   1.34
W (P + R)       1:44[1:38;1:51] 10:2[9:7;10:7] 0.12 1.24
W (P
h
+ R) + P
s
0.36 0   1.44 10.2 0.12 1.26
W (P + R
h





4:33[3:39;5:62] 1:36[0:5;3:0]   1:41[1:27;1:52] 9:6[8:0;10:7]   1.70
MODEL A




    0.04 1.44 10.2 0.11 1.25
ASCA/ROSAT
P (1{7 keV)       1:48[1:39;1:54] 10:3=10:8   1.15
P (1{3 keV)       1:44[1:55;1:33] 10:3=10:8   1.15
W (P
h
+ R) + P
s
4:84[4:14;5:74] 0:07[0:068;0:3]   1:45[1:39;1:51] 10:4[10:1;10:8] 0.12 1.163
W (P + R
h





4.37 1.4/1.04   1.41 8.8/9.5   1.665
MODEL A

























) 2.5 3.2 1.37 8.3 0.09 1.46
3.0 1.8 1.44 9.6 0.09 1.46
1 Codes of the model:
P{power-law,
R{Raymond-smith hot plasma, with redshift=0 and abundance=1 xed





2 Symbols of the model component (subscript s/h indicates the soft/hard component):
 {photon index of the power-law component,









kT{temperature of the thermal model (either Raymond-smith or bremsstrahlung) in keV.
\ "{ component not involved.
3 The boundary of the soft/hard band in this model tting is roughly around 0.5 keV where the signicance of the
Galactic absorption changes.
possibly from the Galactic halo (MODEL A hereafter). Con-
tributions from point sources are believed to be dominated
by AGN (including QSO) which has a power-law spectrum.
MODEL A is hereafter referred to as the model of one power-
law plus two Raymond-Smith components.
3.1 Spectral tting of the resolved sources
What fraction of the XRB is from discrete sources is still not
clear. Improvement of X-ray telescopes and detectors can
help us to resolved the spatially featureless XRB into dis-
crete sources, which could be part of the formally regarded
XRB. Consequently, comparing the spatial, spectral charac-
teristics of the resolved new sources with those of the XRB is
one important and necessary stage to identify the real origin
of the XRB.
The sources resolved by ASCA are the three brightest
ones in the ROSAT image reported earlier by Shanks et
al (1991), including one Galactic star and two quasars at
z = 0:64 and 0.38 (hereafter S1, Q1 and Q2, respectively).
The SIS and PSPC spectra are accumulated from a circular
region of radius  2 arcmin and 1 arcmin, respectively about
the source peak of the image, where the half power diameter
of the ASCA XRT is 3 arcmin and the full width half max-
imum of the ROSAT PSPC is about 25 arcsec within the
inner 15 arcmin radius region. The background spectrum of
each source is accumulated from the outer annulus region of
the source circle region.
Fitting the 2 quasar spectra by a single power-law
(with Galactic absorption) we found their spectra are much
steeper than that of the XRB. Fitting the PSPC and SIS




; the photon index   ranges from 2.5 to 3
for both Q1 and Q2. Fitting the ASCA/ROSAT data jointly,
  is 2:9[2:81; 3:01] and 3:0[2:96; 3:11] for Q1 and Q2, respec-
tively. The stellar spectrum is t by a Raymond-Smith gas,
with kT = 0:87 keV, abundance Z = 0:05 solar from the
joint tting. The results of joint tting are shown in Ta-
ble 2.
In addition to the three sources resolved by both ASCA
and ROSAT , the ROSAT PSPC has resolved more than 30
point sources within the inner  20 arcmin region. To study
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the spectral property of these faint sources in general, espe-
cially AGN, we have added up all the spectrum of sources
which have been identied as AGN (see Table 1 in Shanks et
al 1991) and t them by a power-law; not too surprisingly,




=1.1) which is softer than that of average AGN (see
Figs. 8{9 for its folded model and spectrum); removing the
two bright quasars (ie, Q1 and Q2) analyzed above, the best-
t   = 2:54[2:44; 2:64] (
2

=0.98). The integrated ROSAT-
resolved AGN spectrum with/without Q1 and Q2 will be
denoted as RS QA/RS QB hereafter.
3.2 Spectral tting of the XRB with ASCA data
Since complications in the spectrum of the 0.1{10 keV
cosmic background are only signicant below 1 keV, we
rst t the SIS data in the 1{7 keV band with a single
power-law model, giving photon index   = 1:44[1:37; 1:52]
(90 per cent condence interval) and normalization A =












=1.15. This result is consistent with recent work
by Gendreau et al (1995). Dividing the spectrum into 1{3
and 3{7 keV and tting to the same model, we have similar
results (see Table 3).
Extending the data down to 0.4 keV, an excess be-
low 1 keV (mostly of Galactic origin) is clearly seen. In-
troducing a Raymond-Smith hot plasma model and the HI




) to correct the
Galactic absorption, we obtain an almost unchanged best
t of the power-law component,   = 1:44[1:38; 1:51] and












hot gas has a temperature of 0.11 keV with a xed solar
abundance. We failed to determine an alternative abun-
dance as the data cannot well constrain the free parameters
without other assumptions.
To include the contribution from the local bubble be-
low 0.5 keV, we add one more soft hot plasma component
(MODEL A), and obtain the temperature of the soft com-
ponent kT
s
=0.04 keV and the hard one kT
h
=0.11 K while
the power-law component remain unchanged. Replacing the
soft hot plasma component with either a power-law or a
bremsstrahlung component does not improve previous ts,
and eventually there are probably only 1{2 binned channels
below 0.5 keV to constrain the local bubble model. This
implies that to consider the overall constraints on the 0.1{
10 keV XRB model, it is helpful to have a joint t with
the ROSAT data to provide an extra constraint on the 0.1{
2.0 keV band.
3.3 Spectral tting of the XRB with ROSAT data
The ROSAT XRB spectrum is accumulated from events
within the inner 15 arcmin radius region, covering a sim-
ilar sky region to the SIS data (Fig. 2). Only the 3 resolved
point sources by ASCA have been removed from the data
so we can easily compare the result with its ASCA counter-
part, though there are about 30 more sources detected in
this region.
Fitting the ROSAT spectrum in the 1{2 keV band alone
by a single power-law, we have   = 1:54 with a large error











= 1:02. Using 0.1{2 keV to t complicated
models like MODEL A cannot have a reasonable good t
without further constraints or assumptions. On the other





contribute to the XRB, we excise all the detected
sources from the data (soft-AGN-free XRB, hereafter). The
best t to the soft-AGN-free XRB in 1{2 keV is   = 1:53









We note, in comparison to the ASCA result, the steeper
result obtained from ROSAT has also been seen in other
ASCA/ROSAT simultaneous tting (eg Fabian et al 1994),
it indicates that the discrepancy may be due to calibration
uncertainties in ROSAT and/or ASCA.
3.4 Joint tting of the XRB with ASCA/ROSAT
data
Joint spectral tting of the ASCA/ROSAT data has been
carried out by forcing each data set to have the same pho-
ton index for the power-law component and temperature of
the thermal component. A simultaneous t of the 1{7 keV
ASCA and 1{2 keV ROSAT spectra by a single power-law












= 1:15. Using the 1{
3 keV ASCA data instead, we have   = 1:44[1:33; 1:55] and













Fitting the 0.4{7 keV ASCA and 0.5{2 keV ROSAT
spectra by a Galactic absorbed power-law and Raymond-
Smith model, we obtain a slight softer power-law:   =









0:11 keV with 
2

=0.98. It is still not easy to determine the
abundance of the halo gas, as it is not sensitive to the tting
(with a large error bar) though we have obtained its best t
0:8 solar abundance while other best-tting values remain
the same.
Finally, we use the total band of both data set, namely,
0.4{7 keV for the ASCA data and 0.1{2 keV for the ROSAT
data to constrain contributions from the Galactic halo, lo-
cal bubble and the extragalactic sources. Fitting data with
















=1.12. Using a thermal bremsstrahlung model for the
soft thermal component, the best-tting temperature is
kT
s
= 0:1 keV; and a power-law model for the soft component
instead, we have  
s
= 2:6. For both cases, the best-tting

















Spectral tting results from the ASCA data and the
ASCA/ROSAT data are listed in Table 3. Fig 4 shows the
folded spectra of the ASCA and the ROSAT data as well as
the best-t MODEL A and its components.
As ROSAT data have resolved a certain fraction of the
XRB below SIS limits into very soft sources, the extragalac-
tic XRB is probably composed of two power-law compo-
nents. Thus we t the combined 0.5{2 keV PSPC data and
0.5{10 keV SIS data jointly by a three-component model in-
cluding one thermal and two power-law models to take con-
tributions from the Galactic halo, AGN-like sources and the
yet unknown XRB sources into account (MODEL B). With
the photon index of the AGN spectrum  
src
xed at 2.5,
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space, which is represented by the grey-scale map






=1.46). The unfolded data and mod-




are represented by the large contours in Fig. 6, in
which the small contours are the condence intervals when
one more constraint of A
src
= 3:16 is applied. We will use
these results to constrain the AGN contribution to the XRB
in next Section.
4. DISCUSSION
4.1 The XRB dilemma: very soft resolved sources
and hard spectrum
Previous ROSAT observations (eg Shanks et al 1991;
Hasinger et al 1993) have shown that up to 70 per cent
of the observed XRB (as seen by the Einstein Observatory)
could be resolved by ROSAT and most of resolved point
sources have been identied as AGN. However according to
our spectral analysis of the XRB and the resolved sources,
the contributions from sources like AGN are probably less
signicant than previous indication and are mainly in the
soft band where the extragalactic and the Galactic compo-
nents are not easily distinguished. To compensate for the
spatially-resolved sources in the soft image and the at XRB
spectrum in the hard band, the Galactic contribution must
become smaller. In the following subsections, we will use
the spectral tting results and observed logN -logS to con-
strain the AGN contribution to the broad band XRB and
some spectral properties of the unresolved XRB sources.
4.2 Spectral constraints on the AGN contribution
to the XRB
Using the results of our ASCA/ROSAT joint t called
MODEL B, we can estimate the ratio of the AGN contri-






). As already shown
Figure. 8 The folded spectrum of the XRB and the accumulated
non-stellar spectrum RS QA (the lled circles) from the same
ROSAT data. The dotted line is the best-tting power-law model
of the non-stellar spectrum and the solid line is the power-law
component of the best-tting XRB model. The ratio of the data
to the power-law component is shown in the bottom panel, where
a large soft excess of the XRB below 1 keV can be seen.
in last Section, the best ts of ASCA/ROSAT data above







= 3:16 when  
src
is xed at 2.5, therefore the ratio is
27.4, 6.5 and 12.7 per cent in the 0.5{2 keV, 2{10 keV and
0.5{10 keV band. Holding the steep power-law spectrum





covering their 3 condence intervals as show in Figs. 7a and
7b for the soft and hard band, respectively. As indicated by
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Figure. 9 Folded spectra of the SIS XRB (0.4{7 keV) and the
PSPC non-stellar point sources RS QA (0.1{2 keV).
Figure. 10 The variation of  
XRB
of the soft-AGN-free XRB
spectrumwith the fractional contribution of the soft AGN, based
on Tables 4{6. PSPC1 is referred to the tting results of the
PSPC soft-AGN-freeXRB andPSPC AGN RS QA spectra shown
in Table 4 and PSPC2 is obtained from the tting of the PSPC
XRB (with the three brightest sources excised only) and PSPC
AGN RS QA spectra in Table 5. SIS (0.5{2) is the result shown in
Table 6, using the PSPC XRB and PSPC AGN spectra while SIS
(2{10) is derived from SIS (0.5{2) data according to the power-law
model of the XRB.
the grey-scale map and the dashed contour lines, which rep-
resent the ratio, the 3 AGN contribution to the soft XRB
is well below 33 per cent, and the hard XRB below 10 per
cent.
A direct comparison of the XRB with faint extragalactic
source spectra is shown in Fig. 8, where we use RS QA and
the soft-AGN-free XRB spectrum observed with ROSAT.
The XRB spectrum is t by MODEL A with temperatures of
both the soft and hard thermal components xed to the best-
tting values from the ASCA/ROSAT joint tting. Without
constraining the hard band data, the power-law component
of the XRB has   = 1:63[1:48; 1:80] and normalization A =








, whereas the point
source has   = 2:76[2:70; 2:83] and A = 3:09[6:6; 7:16] (the
area is scaled according to the XRB data). In Fig. 8 only
the power-law components are shown, where we can see the
XRB power-law (the solid line) is harder than the non-stellar
spectrum RS QA (the dotted line). Below 1 keV, the XRB
has a large soft excess of possible Galactic origin.
If sources fainter than the threshold have the same spec-
tral shape as brighter ones, then we can measure a soft-
AGN-free XRB spectrum by dening the extragalactic com-

































is the best-tting eective spectrum of the
underlying unresolved point sources and its contribution to
the XRB is scaled by a factor . Varying the value of , we


























as Eq. (1). We plot this result against  
XRB
in Fig. 10 (the
triangles). Replacing the background data by the ASCA
(Fig. 9) and ROSAT data used in Sec. 3 separately (which
have more brighter sources), we repeat the same steps and
tting (Tables 5{6). In g. 10, the crosses and asterisks
are respectively ratios in 0.5{2 keV and 2{10 keV based on
results of the SIS XRB/PSPC AGN tting (Table 6). If

XRB
is constrained within 0.4 and 0.5 then the soft-AGN
contribution is less than 30 and a few per cent in 0.5{2 keV
and 2{10 keV, respectively.
4.3 logN-logS constraints on the AGN contribution
to the XRB
Another approach to estimating the contribution from dis-
crete sources to the XRB involves the observed logN -logS of
the resolved sources. Measurements of the logN -logS in the
soft X-ray band have been derived by using ROSAT data
[Hasinger et al , 1993 and Barcons et al , 1994 (in 0.5{2 keV
and 0.9{2.4 keV, respectively)] and in the 2{10 keV band
by using HEAO-1 A2 and Ginga data (Butcher et al 1995).
Here we use the result from Hasinger et al (1993) to calcu-



































where N(S) is the dierential number density of sources at
the ux S, S
t
is the ux threshold which sources cannot be
detected and S
m
is the faint end where point sources cease
their contribution to the XRB (or otherwise over-produce
the XRB). With the XRB spectrum obtained from last sec-
tion, we plot the ratio of the soft-AGN contribution to the
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) according to the observed
logN -logS (Hasinger et al 1993) and the XRB spectrum (this




) = (0:5;2) keV






  1) in the 2{10 keV band as indicated in the legend.
Note S
m
is always in the 0.5{2 keV band.
Table 4. Best t of the PSPC soft-AGN-free XRB and


















0 2.76 3.09 1.63 6.88 34.17 8.26 1.063
0.2 2.76 3.10 1.58 6.31 33.14 8.18 1.071
0.4 2.75 3.11 1.52 5.74 32.09 8.11 1.083
0.5 2.75 3.11 1.48 5.45 31.56 8.07 1.090
0.6 2.75 3.12 1.44 5.16 31.02 8.04 1.098
0.7 2.74 3.13 1.39 4.88 30.47 8.00 1.106
0.8 2.74 3.13 1.35 4.59 29.92 7.96 1.114
1 2.73 3.15 1.23 4.00 28.80 7.90 1.132
2 2.66 3.34  1:66 0.56 22.49 7.62 1.229
4 2.91 2.07  3:00 0.19 10.31 6.94 1.860













) as a function of S
m
in
0.5{2 keV and 2{10 keV in Fig. 11, for  
src
varying from 1.4
to 3, where I
XRB
is obtained from the results of MODEL A in
Table 3. As shown in Fig. 11, the soft XRB in 0.5{2 keV is








; however in the 2{10 keV band, as we have to extrap-
olate the logN -logS measurement to this band, the results
are diverse and highly depends on the spectral shape of the
faint sources. As shown in previous subsections, the contri-
bution from soft AGN to the 2{10 keV XRB is at most 10










4.4 The hard sources
Plotting the sky surface brightness distribution of the hard
























0 2.76 3.09 1.51 10.94 51.49 11.55 1.064
0.1 2.76 3.09 1.49 10.66 50.95 11.52 1.068
0.2 2.76 3.10 1.47 10.38 50.41 11.48 1.071
0.3 2.76 3.10 1.45 10.10 49.86 11.44 1.075
0.4 2.75 3.10 1.43 9.81 49.32 11.40 1.079
0.6 2.75 3.11 1.38 9.24 48.20 11.32 1.088
0.8 2.75 3.12 1.33 8.66 47.08 11.25 1.099
1.0 2.74 3.13 1.27 8.08 45.95 11.17 1.110
1.2 2.73 3.14 1.20 7.50 44.80 11.10 1.122
1.4 2.73 3.15 1.12 6.90 43.65 11.03 1.135
1.6 2.72 3.17 1.03 6.30 42.50 10.96 1.149
2.0 2.71 3.20 0.79 5.05 40.14 10.83 1.180
4.0 2.72 2.93  3:00 0.45 26.48 10.42 1.353
*The degree of freedom is 334 for all the ttings.
Table 6. Best t of the PSPC AGN RS QA aspectrum and


















0 2.76 3.09 1.45 10.26 24.77 242.73 1.081
0.1 2.76 3.09 1.43 9.98 24.20 287.04 1.080
0.2 2.76 3.09 1.41 9.70 23.64 324.67 1.082
0.3 2.76 3.08 1.40 9.42 23.14 350.77 1.084
0.4 2.76 3.08 1.38 9.15 22.46 417.56 1.087
0.5 2.76 3.08 1.36 8.88 21.58 524.6 1.090
0.9 2.76 3.07 1.27 7.80 19.10 688.03 1.106
2 2.77 2.98 1.01 5.20 9.20 1702.02 1.188
*The degree of freedom is 307 for all the ttings.
nd only S1 and Q2 uxes are above the median value by
3, however, the uctuation analysis of the Ginga data by
Butcher et al (1995) has predicted there are about 4 sources
per SIS full eld of view above the ux level of Q2 in the
2-10 keV band. Furthermore no convincing ASCA obser-
vations so far support any faint X-ray population having a
hard spectrum in general. If the problem due to missing
hard sources is not caused by instrument eects, it implies
the luminosity distribution or the evolution of these under-
lying hard sources is very dierent from that of the soft
ones.
5. CONCLUSION
Having analyzed data observed with ASCA and ROSAT and
from our results shown in Table 3, we nd the energy dis-
tribution of the XRB in 1{7 keV is indeed consistently at,
and it is well t by a single power-law model with photon
index from 1.4 to 1.5. The softer best-tting results from
previous ROSAT data tting is probably due to less inde-
pendent channel bins and constraints to conne the compli-
cated XRB model. Actually with a relatively larger error
bar, some earlier ROSAT observations of the XRB did not
rule out a at soft XRB (eg Fig. 3a in Chen et al 1994).
Now the joint t with the ASCA in this work has provided
more constraints on the model tting and improved the con-
nement of best-tting values.
This result supports the origin of the the XRB below
and above 3 keV could be the same class of sources plus
partial contributions from AGN. AGN may have less contri-
butions to the XRB than previous estimates, especially our
ASCA and ROSAT observations of the XRB 11
analysis has shown resolved source spectra in this eld have
a softer spectrum than that of the the average AGN. The soft
sources similar to, but fainter than the resolved ones, proba-
bly contribute only 30 per cent below 2 keV and less than 10
per cent above it. Since the energy density of the X-ray sky
increases from 0.1 keV onwards, the main contributor to the
XRB lies in the hard band. We have found some features
appearing in the 2{8 keV ASCA images, though they are
not signicant to be detected by a sliding box point source
searching and no convincing correlation across images of the
four ASCA detectors has been found. Creating a hardness
map to display how the soft and hard region in the X-ray
sky distribute, we notice the hard region are not correlated
with the PSPC-resolved source.
Future ASCA observations with a longer exposure time
can provide a chance to resolve the harder hidden sources
which probably are
1. undiscovered new populations.
2. thermal sources in some non-equilibrium states.
3. known sources under some particular environments,
such as the model based on unied Seyfert scheme
(Madau et al 1994).
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